Using drone as aerial access point (AAP) to provide communication connectivity becomes an attractive application in future industrial wireless networking. However, the user association becomes more complex in the 3-tier droneassisted heterogeneous networking (DAHN) due to the various types of APs. To address the issue, we formulated it as an association degree maximization problem, in which the load of APs and the user quality of service (QoS) rate requirement are considered. Since this is a non-linear mixed integer optimization problem, we relax the associated index variable and adopt the distributed heuristic method to find the near-optimal solution. Further, to mitigate the intra-and inter-layer interference, the coordinated multiple points (CoMP) supporting approach for edge user is used for enhancing the service performance. Simulations show that the proposed scheme provides better performances with a significant complexity reduction.
Introduction
At present, it is going to be a new tendency that the advanced wireless communication techniques are introduced to the industrial field. As more user equipment (UE) are connected to the network, dense deployment of lowpower access points (LAPs) is one intuitive way to handle the ever-increasing data traffic demands [1] . However, current APs are deployed in certain geographical locations according to long-term traffic behaviors and lack flexibility in redeployment. Moreover, such rigid access network is hardly to handle the difficult-to-predict traffic patterns caused by the temporal and spatial variations in user densities and user application rates. At the same time, with the development of drone communication technology, the drone used as aerial AP (AAP) becomes an attractive application in future wireless communications. Therefore, to enhance access network flexibility for supporting massive dynamic connections, the 3-tier drone-assisted heterogeneous networking (DAHN) is a promising solution [2] . While there are several advantages for the use of AAP, there are some issues have not been addressed yet in the literature.
One of the fundamental issues is how to associate UEs with an appropriate serving AP. In the traditional network, UE always connect to the strongest AP, which offers either the maximum signal-to-interference-plus-noise ratio (SINR) or the best reference signal received power (RSRP) [2] . However, the association between the UE and the network becomes more complex in DAHN for the following reasons. First, due to a large difference of transmit power between macro AP (MAP), LAP, and AAP, the user association methods mentioned above may lead to unbalance of user distribution between the various types of APs. Moreover, in order to effectively suppress the interand intra-layer interference problem in DAHN, the coordinated multiple points (CoMP) technology is adopted for the edge UEs, which makes the connection between UEs and serving APs more complicated.
In this letter, we will investigate user association and interference mitigation issues for DAHN. For effectively tackling user association problem, we jointly consider the load of each AP and UE's quality of service (QoS) rate requirement instead of only utilizing the SINR or RSRP when designing an association algorithm, and formulate it as a UE-AP association degree maximization problem. Further, an edge user CoMP (EU-CoMP) supporting technology is proposed for enhancing the services performance, and a coordinated APs grouping solution is given.
The rest of the paper is organized as follows. In Section 2, we discuss the proposed work in the context of related works. Section 3 presents the system model and basic conceptions. In Section 4, a user association algorithm based on association degree is proposed, and the EU-CoMP supporting approach is adopted. Section 5 presents the performances of the proposed algorithm. Finally, we give a conclusion of this work in Section 6.
Related works
Numerous excellent contributions have surveyed the user association problem in heterogeneous network (HetNet). The work in [3] investigates joint user association and spectrum allocation optimization issues for a 2-tier HetNet, and optimization problem is formulated as a mixedinteger non-linear programming problem. In [4] , the authors aim to optimize the user association with various user priorities to solve the load balancing problem. Rui Han et al. solve the user association problem by introducing the topological potential between UEs and APs in [2] . Based on the consideration of the load of each AP and user's achievable rate, the work in [5] proposes a loadaware and QoS-aware user association strategy. The authors in [6] focus on maximization of user satisfaction with provided data rates and propose an algorithm that associates users with the most suitable LAP and AAP.
In the user association problem conjunction with interference coordination, the authors in [7] formulate the combinatorial optimization problem as a networkwide utility maximization problem. Further, they reveal that the optimal blank sub-frame density is the ratio of the number of vulnerable UEs and total UEs. In [8] , the problem is formulated as a proportional fair-based joint optimization problem, in which the bandwidth ratio of protected radio resources is used for inter-cell interference coordination. An energy-efficient management framework is built on characterizing the interference coupling by predefined interference patterns in [9] , and a tailored algorithm is developed to solve the formulated problem. In [10] , a centralized heuristic algorithm is proposed to discover the optimal almost blank subframe, which is used to maximize the number of served UEs while ensuring interference management.
Although the above proposals have addressed the problem of user association in HetNets, no other works have provided a comprehensive view of this problem in the 3-tier DAHN. The objective of this paper is to give an efficient association strategy for balancing the number of severing UEs between the various types of APs while satisfying the UE's QoS rate requirements.
System model
We consider a downlink DAHN where the control/signaling plane and user plane (CP/UP) are decoupled at the air interface, as shown in Fig. 1 . As the entity center of the CP, MAP can possess the global system information and handles UE connectivity as well as different radio-specific functions, and it could also provide UP services for some UEs with low-speed data requirements. The LAP is mainly used as a UP entity to provide UEs with data transmission and resource dynamic allocation, while the AAPs can offer improved capacity in hotspot areas and offload some traffic from the ground APs. For simplicity, denoted by ℬ ¼ ff0 g∪D∪ℒ g as the set of all APs, where 0 represents MAP, D and ℒ represent the set of AAPs and LAPs, respectively. UEs are randomly distributed in the coverage area of the MAP, and the set of UEs is denoted by U ¼ f1; 2; ⋯; Ug.
We define g u, b as the channel gain from the transmitting AP b to the receiving UE u, where we consider twochannel models. When b∈D, the transmission channel can be expressed by a generic air-to-ground (AtG) path loss model studied in [11] , and g u, b is obtained by AtG path loss model. Another channel model can be modeled as a Rayleigh fading channel when b = {0} or b ∈ ℒ, and g u, b contains distance-dependent path loss and small-scale Rayleigh fading [12] .
User association and interference mitigation
In DAHN, the UE first establishes radio resource control (RRC) connection with the MAP through the CP interface, and then sends a business request for establishing UP connection. A UE will choose the most attractive AP as its serving AP with the assistance of MAP. According to [13] , the lower power of AP, the smaller access chance for UEs. So an intelligent user association policy in DAHN should depend on both the SINR and the load.
User association strategy based on association degree
Obviously, UEs prefer to associate with the APs that can meet the guaranteed QoS rate requirement and have lower load. Thus, the objective of the proposed association strategy is to balance the number of severing UEs between the various types of APs while satisfying the UE's QoS rate requirements.
Given the power σ 2 of the additive white Gaussian noise, the SINR of transmission link between AP b and UE u on one resource block (RB) is given by
where P b is the given fixed transmit power of the AP b, ∑ b ' ∈ ℬ\{b} p b' g u, b' is the interference from all the cochannel Aps for UE u.
The corresponding achievable data rate of this transmission is
where s is the bandwidth of one RB, and we assume all the RBs have the same size.
In order to balance the load between all kinds of APs while maintaining the UEs' performance requirements, the association degree is defined in terms of QoS rate requirement and load levels. Then association degree between AP b and UE u can be expressed as
where x u, b is a Boolean variable indicating whether UE u is connected to AP b, P u∈U x u;b is the number of UEs associated with AP b, which is also often considered as the load of AP. It is worth noting that each AP is assumed to have at least one UE associated with it, i.e., P u∈U x u;b ≠0. According to Eq. (3), we can see that SINR is not the only factor which affects the association procedure. Under the same load, the AP with higher SINR will be more attractive to UEs. AS the candidate AP load becomes too large, the reduced association degree will make it less attractive to UEs, from which a balancing user association can be guaranteed.
The user association problem can be formulated as an association degree maximization problem in consideration of user QoS rate requirements, i.e., 
where X = {x u, b |u ∈ U, b ∈ B} is the association matrix, and the constraints in Eq. (4): C1) indicates that any UE can only associate with one AP; C2) denotes that the value range of the variable x is binary; C3) is the UE's QoS rate constraint, where r m is the UE's minimum Qos rate requirement.
Remark that optimization problem (4) is non-convex due to the coupling of Boolean variable and continuous variable, and it is very complex to find the optimal solution by solving the mathematical model. For non-convex problems, a common method is to relax the discrete variables to the continuous value region for the solution. 
Distributed heuristic solution
In the relaxed optimization problem (5), the objective optimization function is quasi-concave, while the constraint condition is convex, so the optimal solution exists. However, using the optimal association matching algorithm approach based on the exhaustive to solve the problem (5) tends toward high computational complexity and low reliability, and the complexity is O(U |ℬ| ), where |ℬ| is the cardinality of the set ℬ.
To reduce the computational complexity, we give a distributed heuristic algorithm with a near-optimal solution that provides a theoretical performance guarantee. When the MAP receives the UE's UP connection request, the APs that meet the user QoS rate requirement are selected as the candidate service APs set. Then, Then the UE's association degree with each AP in the candidate set is calculated, and the AP with the highest association degree is selected as the final service AP.
Inspired by the physical idea mentioned above, the process of the proposed distributed heuristic user association algorithm is detailed in Algorithm 1.
The proposed user association algorithm is a lowcomplexity distributed algorithm with a near-optimal solution, which decomposes the optimal problem with U |ℬ| possible association combinations into U subproblems. Considering each sub-problem solution, the main computational operations are to calculate the association degree from all the APs for each UE, and the worst complexity is O(2 * |B|). We assume that each UE remains independent, and then the overall complexity of the proposed algorithm is O(2 * U * |B|).
In this letter, the widely accepted Jain fairness index (JFI) [2, 14, 15] is used to evaluate the fairness of the user association. Due to the different service capabilities of APs in each layer, we limit the JFI calculation to one layer. The JFI for ith (i ∈ {0, 1, 2}) layer can be expressed as:
where B i is is the number of users in ith layer, and N UEj is the number of UEs associated with jth AP.
EU-CoMP supporting technology for interference mitigation
The service AP can be determined for the UE by using the proposed distributed heuristic user association algorithm. When the UE is at the edge of the serving AP, the strong intra-and inter-interference will lead to poor service quality. Thus, the EU-CoMP supporting approach is required to improve the service performance of edge UE, which means the APs with strong interference need to be changed to the cooperative services APs. The key component of EU-CoMP approach is to determine which APs collaborate to serve which UEs, which is called a coordinated APs group (CAPG) formation problem. This is also an optimal matching problem [16] . Obviously, a global coordination of all interfering APs is practically impossible. Hence, each edge UE could be cooperatively served by a limited number of APs, and it is also considered as a group-making problem [17] .
First, what needs to be done is to determine the edge UEs. When the RSRP received from the service AP does not differ much to the RSRP from the interfering AP, the UE is considered to be in the edge region. This means that if the received RSRP meets the threshold difference, the UE u can be considered as an edge UE and adds it to the edge UEs set ℰ, as shown in the following conditional expression.
where ξ b, u is the RSRP received by UE u from the AP b with strong interference, ξ o, u is the RSRP received from the service AP o.
It is clear that when the interfering AP is added into CAPG to provide cooperative services to the edge UE, the SINR will increase without the involvement of other UEs, which is called as the cooperation benefit (CB). The CB υ u, n of AP b for UE u is given by
where b* is the initial service AP, and γ u (b * ) is the SINR of UE u from AP b*.
Given the maximum CAPG size M, the CAPG formation problem is formulated to maximize the CB for each UE:
where A u is the CAPG of UE u, θ is a given threshold of CB.
The main idea of EU-CoMP method is to mitigate interference from the neighbor APs for edge UEs. To simplify the computational complexity, the APs with largest RSRP are selected as candidate coordinated set A greedy heuristic algorithm is adopted to select the neighbor APs to form CAPG, and the steps are elaborated as follows:
Step 1: Select M APs with the largest RSRP to form CCS C u for each edge UE u, initialize A u ¼ Φ.
Step 2: Find the AP b with the largest SINR from C u , and calculate its CB υ u, n according to Eq. (8) .
If υ u, b > θ, set A u ¼ A u ∪fbg and C u = C u \{b}; Otherwise break.
Step 3: If C u ≠Φ, then go to step 2.
5 Simulation results and discussion
Simulation settings
The authors use MATLAB software as a simulation platform, in which a 3-tier drone-assisted heterogeneous scenario is considered. During the simulation, three LAPs are uniformly deployed within the coverage of the macro station, while the AAPs are flexibly deployed according to the UEs' QoS rate requirement. It is assumed that all AAPs are fixed at a height of 150 m. The system Table 1 .
Numerical results and discussion
In this simulation, the average data rate, JFI, and delay time are used to evaluate the performance of the proposed scheme. Note that the delay time is generally considered as the processing delay in the service APs determination. The performance of the proposed relevance user association with EU-CoMP guaranteeing (RUA-CoMP) scheme is compared with that of the largest load balancing scheme for user association problem (LOP) [10] . In LOP algorithm, the user association strategy is only based on the average received RSRP. Figure 2 illustrates the average data rate performance of the two schemes at different AAP numbers. As seen in this figure, the average data rate increases as the number of AAPs increases, and the proposed scheme performs better than the LOP scheme. The reason is that the UEs are associated with the AP with the best RSRP in LOP scheme, which results in unequal UEs association between the three kinds of APs, diminishing the offloading capability of AAP and reducing the average data rate of UE. Moreover, with the increasing of minimum QoS rate requirement r m , which means the higher transmission rate target of UEs, it will lead to an increase in the average data rate. Figure 3 shows the UEs' Spectrum efficiency of the two schemes when the number of AAPs is 6. It can be seen that the performance curve of the proposed scheme is more on the right side than that of LOP algorithm, especially in the case of 5% UEs with poor channel environment. The reason is that, compared with OPA scheme, the proposed scheme adopts EU-CoMP supporting approach to improve service performance of edge UEs. Figure 4 illustrates the influence of different AAP numbers on the association fairness when r m = 0.5 Mbps. It should be noted that the association fairness of the two schemes is compared under the same QoS rate requirement. As it is seen in this figure, with the increase of the number of AAPs, the JFI performance curves of both schemes fluctuate to a certain extent. This is due to the fact that UEs in the heavily loaded LAPs are unloaded into AAP, which improves the JFI of UEs in the LAP. When the number of AAP exceeds 4, only a small fraction of UEs are served by partial LAP. This may result in unequal user association between the two kinds of AAP and LAP. It should be noted that in this simulation, MAP only acts as the control entity and does not operate on UP. Figure 5 plots the system throughput versus the threshold θ of CB for the case M = 4. The value range of threshold θ is Ε = {μ 1 , μ 2 , ⋯μ U }, where μ u is the average CB of all APs in CCS C u , and we chose 20 UEs to test the threshold θ in this experiment. The values of E are sorted in descending order. As can be seen from the figure system throughput increases first and then decreases as the threshold θ decreases. This is due to the fact that, when a little threshold is considered, more APs are selected to provide cooperative service for edge UE, which increases diversity gain. However, the cooperation among too many APs limits the reuse of certain resource for other UEs. At a certain CB threshold (around the average value of E), there is a balance between diversity and multiplexing. Figure 6 shows the delay time for user association of the two schemes. It should be noted that the delay time does not include the processing time of the UE accessing the AP. As can be seen in this figure, the delay time increases as the number of AAPs increases for two schemes. Compared with LOP scheme, the delay time in the proposed scheme increases relatively slowly and perform better.
Conclusion
In this letter, an intelligent user association scheme is proposed in the 3-tier DAHN. The proposed model uses association degree to decide the services AP for UEs, whereby the load of each AP and UE's SINR are jointly considered. For effectively tackling user association problem, we formulate it as a UE-AP association degree maximization problem. Due to the non-convexity of the optimization problem, variable relaxation is used to find the near-optimal solution. Further, to improve service performance of edge UEs, the EU-CoMP supporting approach is proposed. Simulation results show that the proposed scheme performs well in terms of service performance, user access fairness, and complexity. 
